INTRODUCTION
The young human brain is highly plastic, thus brain lesions occurring during development interfere with the innate development of the architecture, connectivity, and mapping of functions and trigger modifications in structure, wiring, and representations (for review see Payne & Lomber, 2001) . In childhood, the motor cortex and/or the corticospinal tract is a common site of brain damage and the prenatal or immediately perinatal period is the most common time for brain damage to occur. It is now increasingly appreciated that the corticospinal system is capable of substantial reorganization after lesions and such reorganization is likely to underlie the partial recovery of function (Terashima, 1995; Eyre et al., 2001; Eyre et al., 2002) . Clearly the developing nervous system has a much greater potential for plasticity, which can involve plasticity not only of the motor areas of the ipsi-lesional cerebral cortex but also of the contralesional cortex, the corticospinal tract, and the spinal cord network (Benecke et al., 1991; Carr et al., 1993; Cao et al., 1994 ; Lewine et al., 1994; Maegaki et al., 1995; Terashima, 1995; Nirrko et al., 1995; O'Sullivan et al., 1998; Balbi et Knowledge of the time course and processes of corticospinal tract system development and plasticity is essential both for a better understanding of current rehabilitation treatments and for designing new strategies for the treatment of children without sustaining damage to the corticospinal tract system early in life.
CORTICOSPINAL TRACT DEVELOPMENT AND PLASTICITY IN ANIMAL MODELS
The development of the corticospinal tract system has been studied most extensively in the rat. In the neonatal rat, the corticospinal projection originates from the whole neocortex including the visual cortex (Stanfield et al., 1982; Stanfield & O'Leary, 1985; Stanfield, 1992) . Not all these axons enter the grey matter, those that do initially occupy a larger terminal field and contact more spinal neurons than in the adult (Cuffs et al., 1994; 1995; . Massive axon collateral withdrawal coupled with modest corticospinal tract cell death leads to complete elimination of the corticospinal tract projection from regions of the cortex, a reduction in the number of corticospinal axons projecting from primary sensorimotor cortex and associated areas like the premotor cortex (Oudega et al., 1994) and predominant withdrawal of ipsilateral projections (Joosten et al., 1992) . (Hicks & D'Amato, 1970; 1977; Uematsu et al., 1996) . Such changes are associated with the maintenance of an increased ipsilateral corticospinal tract projection from the undamaged hemisphere. The cells of origin of the induced aberrant ipsilateral axons are more widely distributed and distinct from the cells of origin of the crossed or contralateral corticospinal projection (Huttenlocher & Raichelson, 1989; Reinoso & Castro, 1989; Stanfield, 1992; Jansen & Low, 1996 (McClung & Castro, 1975; Leong, 1976) . Ipsilateral forelimb movements are observed following the stimulation of the intact cortex at abnormally low current thresholds and are abolished b)) medullary pyramidectomy (Kartje-Tillotson et al., 1985; 1987) .
CORTICOSPINAL DEVELOPMENT AND PLASTICITY IN MAN
Studies within our laboratory of embryonic human brain development between 6 and 7 wk postconceptional age (PCA) revealed that the cortical plate is barely formed at that time and no outgrowth of GAP43-positive axons can be detected (Hagan et al., 1999) . Surprisingly, the most widely quoted studies of human corticospinal tract development (Humphrey, 1960; O'Rahilly & Muller, 1994) (Eyre et al., 2000b; 2002 (Eyre et al., 2000b; .
In the newborn, we demonstrated significant bilateral innervation of spinal motoneuronal pools from each motor cortex. Thus, focal transcranial magnetic stimulation (TMS) of the motor cortex evokes responses in ipsilateral and contralateral muscles that have similar thresholds and amplitudes but shorter onset latencies ipsilaterally, consistent with the shorter ipsilateral pathway length (Eyre et al., 2001) (Fig. 6A) . In longitudinal and crosssectional studies of normal babies and children, neurophysiological findings that are consistent with withdrawal in significant numbers of corticospinal axons over the first 24 postnatal months (Eyre et al., 2001) , as has been observed in sub-human primates (Galea & Darian-Smith, 1995) (Fig. J-L; Fig. 6A (Stanfield, 1992; Joosten et al., 1992) . In addition, it is consistent with faster growth of axonal diameters in the contralateral corticospinal projection than in the ipsilateral projection (Fig. 2) (Benecke et al., 1991; Carr et al., 1993; Cao et al., 1993; Lewine et al., 1993; Maegaki et al., 1993; Terasbima, 1995; Mallet et (Eyre et al., 1989; 2000a; . In the subjects with severe spastic hemiplegic cerebral palsy, TMS of the damaged cortex either failed to evoke responses or evoked responses with abnormally high thresholds and prolonged latencies. In contrast, response with relatively short onset latencies and low thresholds were evoked from the intact hemisphere. In subjects with spastic quadriparesis, response from both hemispheres lay predominantly within the normal range (Fig. 5 ).
These observations are consistent with a significant reduction in the corticospinal projection from damaged hemispheres and an increased projection from the intact hemisphere in subjects with unilateral lesions, while those with bilateral lesions maintain qualitatively normal projections from both hemispheres. An explanation for these apparently contradictory findings can be found in the studies of Martin and colleagues Martin & Lee, 1999) . In the kitten, unilateral inhibition of the motor cortex causes exuberant ipsilateral and contralateral corticospinal projections from the uninhibited cortex to be maintained, at the expense of those from inhibited cortex, which becomes much reduced . Martin and his coworkers established that the reduction in inhibited contralateral projection whereas due to a competition between the two projections and not due to reduced activity per se, because in a subsequent experiment bilateral inhibition of the motor cortices led to qualitatively normal projections from both cortices (Martin & Lee, 1999) . Competitive-activity-dependent refinement of bilateral corticospinal projections demonstrates parallels between the mechanisms governing early postnatal development of the corticospinal system and that of the visual system. Monocular retinal activity blockade, for example, reduces the thalamic territory occupied by silenced retino-geniculate terminals and expands the active terminal's territory. By contrast, binocular activity blockade, which similarly inhibits interocular competition does not (Penn & Shatz, 1999 , the left and right motor cortices ha a subject with spastic quadriplegic cerebral palsy. TMS was applied at the start of each trace (adapted from Eyre et al., 1989) . In graphs (B) (C) (E) (F), the vertical lines join the data from stimulation of each lesioned (o) and intact ((C)) motor cortex in the same subject. The boxed areas represent the + 2 SD ranges for age obtained from in 372 normal subjects (Eyre et al., 1999 (Bouza et al., 1994 (Alkadhi et al., 2000) . This reorganization can be in the immediately adjacent areas of the primary motor cortex (Maegaki et al., 1995) , within non primary motor areas (Alkadhi et al., 2000; Bittar et al., 2000b) , and in other cases the reorganization of function can occur to more remote sites in the same hemisphere (Chollet et al., 1991 (Bear & Rittenhouse, 1999 
